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Abstract. In a view to evaluate the exposure methods to PM, in laboratory conditions we’ve performed 
an experimental study on Wistar rats using three types of pollutants exposure: intranasal (IN), intratracheal (IT) 
and whole-body exposure by ventilation (VE). The experimental study was realized on rats (Wistar strain, 
males). The pollution agent was represented by bentonite particles (O-77,19%, Si-13,6%, Al-6,01%, Fe-1,38%, 
Na-1,03%, Mg-0,3%, Ti-0,16%, Ca-0,16%, K-0,15%.) with a medium size under 10µm. The laboratory 
evaluations of physiological or morphological damages induced by bentonite at respiratory level were performed 
by biochemical analyses of blood (serum oxidative stress markers), cytological examination of BALF (broncho-
alveolar lavage fluid) and histopathological examination of lung tissue. The main objective of this study was to 
establish the most proper method that can be use in our laboratory and the method that can lead to significant 
results using paraclinical evaluations. The inflammatory pathways were activated by bentonite exposure in rats, 
all the inflammatory phenomenons being increase in the animals with chronically exposure comparatively with 
the single-exposure groups. The exposure methods (intranasal instillation, intratracheal delivery and exposure by 
ventilation) can be easily applied for animal testing models. 
 
INTRODUCTION 
 
The impact in the respiratory system physiology and morphology of the environmental 
pollutants in general and the industrial-derivates particulates matter (PM) in particular is 
demonstrated in many scientific articles [1,3,7]. The experimental exposure in these kinds of 
researches is based on a respiratory delivery of PM using different systems: whole body or 
nose exposure systems, intranasal instillation and intratracheal instillation. A wide 
comparative presentation of these methods was made by Driscoll K.E. et all., 2000. A short 
classification divides the suspended particulate pollutants (designated as ambient particulate 
matter - PM) in three categories: coarse PM (aerodynamic diameter, 2.5-10µm) is derived 
from abraded soil, road dust, construction debris, or aggregation of smaller combustion 
particles, whereas fine (<2.5µm) and ultra fine (<0.1µm) PM is primarily formed during the 
combustion of fossil-fuel products [2]. 
Acute effects of particulates exposure include irritation of the nose and eyes, lung 
function changes, respiratory changes, headache, fatigue and nausea. Chronic exposures are 
associated with cough, sputum production and lung function decrements. In addition to 
symptoms, exposure studies in animals have documented a number of profound inflammatory 
changes in the airways, notably, before changes in pulmonary function can be detected [10]. 
To evaluate the exposure methods to PM in laboratory conditions we’ve performed an 
experimental study on Wistar rats using three types of pollutants exposure: intranasal, 
intratracheal and whole-body exposure by ventilation. The laboratory evaluations of 
physiological or morphological damages induced by bentonite at respiratory level were 
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performed by biochemical analyses of blood (serum oxidative stress markers - SeOS), - 
methods previously describes by [4,8], cytological examination of BALF (broncho alveolar 
lavage fluid - CytBALF) describes by [9,14] and histopathological examination of lung tissue 
(Histo). The evaluation of the experimental exposure methods in laboratory conditions is 
strongly required before opening a wide experiment in this field. The main objective of this 
study was to establish the most proper method that can be use in our laboratory and the 
method that can lead to significant results using paraclinical evaluations. 
 
MATERIAL AND METHOD 
 
The research was realized at Faculty of Veterinary Medicine from Cluj-Napoca and 
Physiology Department, University of Medicine and Pharmacy from Cluj-Napoca. The 
physicochemical characterization of bentonite particles was performed at Department of 
Science and Technology Materials, Technical University from Cluj-Napoca. 
The experimental study was performed on rats (Wistar strain, males, medium weight 
130g) divided in five groups (10±2 animals/group). The pollution agent used was bentonite 
particles (O-77,19%, Si-13,6%, Al-6,01%, Fe-1,38%, Na-1,03%, Mg-0,3%, Ti-0,16%, Ca-
0,16%, K-0,15%.) with a medium size under 10µm. The exposure methods: intranasal (IN), 
intratracheal (IT) instillation and exposure by ventilation (VE). Also was realizing an acute 
(Ac) and also a chronic (Chr) model of exposure. The acute model consists in a single 
exposure by intranasal or intratracheal instillation whereas in the chronic model the rats were 
expose to bentonite particles for 28 days (5 days/week, 6 hours/day). Also, was performed a 
chronic exposure by intranasal instillation through 7 serial exposures (2 instillation / week). 
The anesthesia was realized using Xilazine 2% (0.02 ml/animal) and Ketamine 10% (0.04 
ml/animal). The blood samples were collected with a capillary tube from the intern angle of 
the eye. The physiological and morphological effects were performed by analyzing the 
CytBALF, Histo and SeOS. A brief description of the experimental design is presented in 
Table 1 and 2. 
 
Table 1. 
Experimental design of acute exposure methods to bentonite particles 
 
Acute 
exposure Group I (n=10) – IN/Ac Group II (n=10) – IT/Ac 
Day 1 (D1) Anesthesia - Intranasal instillation Dose: 500µg/animal in 100µl PBS 
Anesthesia - Intratracheal 
instillation 
Dose: 500µg/animal in 100µl PBS 
Day 2-3 
(D2-D3) Clinical examination of the animals 
Day 4 (D4) Animal’s euthanasy - blood, lung tissue and BALF sampling 
Day 5 (D5) Paraclinical evaluation (SeOS, CytBALF and Histo) 
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Table 2.  
Experimental design of chronic exposure methods to bentonite particles 
Chronic 
exposure Group III (n=12) – IN/Chr Group IV (n=10) – VE/Chr 
Day 1-28 
(D1-D28) 
Anesthesia - Intranasal instillation 
Dose: 500µg/animal in 100µl PBS 
2 instillation / week (7 exposures) 
Clinical examination of the 
animals 
Whole body exposure by 
ventilation 
28 days exposure  
5 days/week, 6 hours/day 
Dose: 35 mg/m3 air/day 
Clinical examination of the 
animals 
Day 29 
(D29) Animal’s euthanasy - blood, lung tissue and BALF sampling 
Day 30 
(D30) Paraclinical evaluation (SeOS, CytBALF and Histo) 
 
Intranasal instillation (Fig.1) consists in slowly instilling of 500µg / animal in 100µl 
of PBS (phosphate buffered solution) into the nostrils of the anesthetized rat maintained in a 
vertical position. This method is easily performed using an automatic micropipette (100µL). 
The intratracheal instillation (Fig.2) was realized with a micropipette directly to the 
first tracheal rings (thought the oral cavity) using the same quantity as in the previous method. 
The methods imply a deep anesthesia, 2-3 tweezers, an automatic micropipette (100µL), a 
light source and at least 2 operators. 
In the ventilation method (Fig.3 and Fig.4), we used a special chamber in which the 
particles are recirculated continuously, exposing the whole body to the pollutant. The air is 
recirculated with an axial ventilator (100 VKO type, 105 m3/hour, ∅ 100mm). The chamber 
volume has about 0,023 m3 and the dose was 35 mg/m3/day. The dosage was realized with a 
special mechanism that releases a known quantity of particles (see images below). Hereby, 
the method conducts to a whole body exposure system to PM.  
The IT and IN instillation methods were previously describe by other authors [6,13], 
our techniques being proximate the same. The VE system exposure was realized using 
original components and experimental conditions. In the experimental toxicology field are 
used special exposure systems to gases or DEP (diesel exhaust particles) that quantify the 
pollutant and can easily applied in the animal’s models [11]. 
 
  
Fig. 1. IN instillation technique Fig. 2. IT instillation technique 
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Fig. 3. Ventilation chamber scheme Fig. 4. Whole body exposure by VE 
 
RESULTS AND DISCUSSIONS 
 
The results considered important to compare the applied methods in this experiment are 
represented by mortality percent, BALF cells percent, the histological damages in lung and 
also the values of some biochemical components of blood serum. Other factors considered in 
methods characterization and evaluation are represented by degree of manual labour 
difficulty, anesthesia techniques, the necessity of laboratory apparatus  
The clinical exam of the animals during the experiment doesn’t show significant 
symptoms due to the bentonite instillation or inhalation. The mortality due to the repeated 
anesthesia or due to the decreased individual resistance to ketamine and xylazine was less 
than 2%. 
BALF cells. The average of cells in BALF after the samples examination is represented 
in Fig.5. The alveolar macrophages (AM) are well represented (50%) including here the 
giant cells too. The airway epithelial cells (AEpithCell) are also in a high percent (30%). The 
number of epithelial cells depends 
on the lavage techniques (the 
liquid speed and the numbers of 
repeated lavages), the time-period 
between the euthanasy and cells 
sampling and also depends on 
exposure techniques. The invasive 
methods, like the IT instillation, 
can lead to a highly degree of 
epithelium detaching. The percent 
of PMN was about 10%. Other 
cells (10%) are represented in 
general by red blood cells or cells 
that cannot be characterized. 
Fig. 5. BALF cells diagram 
 
A long time exposure to bentonite particles leads to an increasing of AM with a specific 
role in foreign particles phagocytosis comparatively with a single bentonite exposure. Also, 
the percent of giant cells is increase. The small number of PMN, fact that is not in 
concordance with other scientific results [12] can be explains by a short exposure time use in 
our experiment comparatively with others. However, in our research the percent of PMN were 
Ventilator 
Particles 
AM Gcell PMN AEpithCell Other Cells
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increased in the long term exposure groups comparatively with the animals with a single dose 
of bentonite. 
The histopathological lesions observed were characterized by alveolar macrophages 
and giant cells infiltration. In the cytoplasm of phagocytes were observed particles inclusions, 
obviously on IT group (Fig.6) comparatively with IN group (Fig.7). Also, the lesions were 
more severe on chronic exposure groups (IN/Chr – Fig.8 and VE – Fig.9). It was observed 
thickening of alveolar walls and a large number of alveolar macrophages with bentonite 
inclusions. 
A long-time exposure leads to an obviously development of histopathological lesions 
comparatively with a single instillation. Also, the BALF evaluation show that the phagocytes 
were increased on chronic exposure groups. 
The exposure methods experimented in this research can be applied in laboratory 
conditions, being easily to use and also requiring less special materials. The IN and IT 
inoculation techniques assure a good dosage of particles. One of the disadvantages is 
represented by the repeated anesthesia that is indispensable in these exposure methods. 
Anyway, it was used a light anesthesia with a short-time effect. The inappropriate anesthesia 
can lead to a high mortality percent, in our case being less than 2%. The VE exposure can be 
also performed in laboratory condition, this being closer with natural conditions and our 
method can be improved for the next experiments. 
 
 
 
 
Fig. 6. IT instillation method, x1000 Fig. 7. IN instillation method, x1000 
  
  
Fig. 8. IN/Chr exposure, x400 Fig. 9. VE exposure, x400 
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CONCLUSIONS 
 
The exposure methods (intranasal instillation, intratracheal delivery and exposure by 
ventilation) can be easily applied for animal testing models. 
The IN and IT instillation assure a good dosage of the pollutants particles and do not 
require special materials or other laboratory devices. The only special requirement is the light 
anesthesia of the animals. 
The VE method assures closer conditions with the natural exposure to particulates 
matter. 
The research results show that the inflammatory pathways are activated by bentonite 
exposure in rats. The cells from bronchoalveolar lavaje fluid were dominated by alveolar 
macrophages and bi- or trinucleated cells, this phenomenon being more visible in the chronic 
exposure group. After the histopathological exam of the lung tissue we observed 
inflammatory lesions caracteriyed by alveolar macrofages, polinucleated cells and interstitial 
infiltration with inflammatory cells. 
All the inflammatory phenomenons were increase at the animals that were chronically 
exposed to bentonite comparatively with the single exposure animals. 
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